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INY MAGGOTS in red-clover flowers prevent the 

seeds from maturing and cause a great reduction 
in the seed crop. These maggots are the young of a 
very minute fly known as the clover-flower midge. 

The farm practices by which this little pest can be 
controlled in the Pacific Northwest are, with certain 
modifications, the same as those followed in the East, 
namely, close pasturing, early cutting, clipping, and 
soiling. These measures are explained on pages 10 
to 12. 

Close pasturing of red clover until late May or 
early June is an effective means of exterminating the 
midge. If close pasturing is impracticable, run a 
mower over the field to clip off the stray heads before 
starting the seed crop. 

Where both hay and seed crops are desired, cut 
the hay crop by June 1. This will control the midge 
effectually and prevent infestation. Never put off 
the cutting beyond the first week in June unless 
the weather is unfavorable, in which case the crop 
should be cut just as soon as fair weather returns. 


Clipping and soiling red clover during the spring 
and early summer are equally efficacious methods 
of exterminating the midge, provided young heads 
of the seed crop are not allowed to appear before 
the middle of June. 
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ESTABLISHMENT AND DISTRIBUTION IN THE PACIFIC 
NORTHWEST. 


HE CLOVER-FLOWER MIDGE! (fig. 1), long recognized by 
the clover-seed growers of the Eastern and Central States as one 

of their most serious pests, has become established in the Pacific 
Northwest, and since 1913 has caused alarming reduction in the seed 
yields. While the insect undoubtedly became established on the 


Pacific coast a number of years prior to 1913, there is no record of 
its having been present 

in sufficient numbers to 

affect the clover-seed 

industry seriously. 

The midge now oc- 
curs throughout Wash- 
ington and Oregon west 
of the Cascades wher- 
ever red clover is grown, 
and east of the Cas- 
cades in the Yakima 
and Columbia Valleys 
of Washington and the ric, 1.—The clover-flower midge. Enlarged side view 
Jocko Valley of western of female fly with scales denuded to show more 

clearly the structure. Greatly enlarged. 
Montana. It has not 
yet been reported from the great seed section of Idaho, or from the 
coast counties of northern California where red clover is raised to 
a limited extent. 

This insect is readily controlled in the East by following cer- 
tain farm practices, and investigations by the Department of Agri- 
culture have shown that, with certain modifications, these practices 
can be followed successfully in the Pacific Northwest. 

1 Dadsyneura leguminicola (Lintner); order Diptera, family Cecidomyiidae. 
41676°—18—Bull. 942 3 
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FOOD PLANTS AND NATURE OF INJURY. 


Red clover is the chief food plant of the clover-flower midge in 
Oregon and Washington, as is the case in the States east of the 
Rocky Mountains. The midge is rarely found on either white or 
alsike clover and is never present on these plants in sufficient num- 
bers to affect seed production. 

The clover-flower midge is injurious only in its larva or maggot 
stage. As its name implies, it works in the flower (fig. 2), feeding 
upon those parts which normally would develop into seed. Although 

one maggot prevents 
the formation of only 
a single seed, the in- 
sects can make se- 
rious inroads on the 
seed crop when pres- 
ent in great numbers, 
as they usually are in 
infested fields. 

The forage value of 
red clover is not im- 
paired by midge in- 
festation and the in- 
sect, therefore, is of 
economic importance 
only in seed-growing 
districts. 


SEASONAL HISTORY. 


The clover - flower 
midge, which is a deli- 
rate mosquito-like fly, 
passes the winter as a 
larva, or maggot, gen- 
erally in a silken case 
or cocoon on or 
slightly below the sur- 
face of the ground. Occasionally no cocoons are spun, especially 
where ample protection is afforded by the débris covering the surface 
of the soil. The coccoon is very small, oval, and measures approxi- 
mately one-tenth of an inch in length and one-twentieth of an inch in 
diameter. It is constructed of a white papery substance of a leathery 
consistency and is very difficult to recognize in its natural location 
because of the coating of earth which usually obscures completely the 
cocoon proper, causing it to resemble a small lump of earth. 

With the first warm days of early April a few of the larve in the 
cocoons begin to change to the pupa or resting stage, and by the 


Fic. 2.—Clover heads injured by the clover-flower midge. 
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first of May the greater portion of the brood has either begun to 
transform or is in the pupa stage. The pupa period during April 
and May lasts from two to three weeks, depending upon the season. 
In seasons of an early spring a few midges complete their trans- 
formation and emerge as adults by April 21. If the season is late 
none may be found in the fields before May 5. 

The adult fly (fig. 2) is somewhat smaller than a mosquito and of 
similar delicate and fragile structure. It is strikingly and beauti- 
fully marked, the anterior half being black, with hair-fringed dusky 
wings, and the posterior half, or abdomen, bright vermilion red in 
fresh specimens. The abdomen of the female is equipped with a long 
extensible egg-laying tube, or ovipositor, by means of which the eggs 
are inserted in the young clover heads. The male differs from the 
female in being more slender and fragile, and the shorter abdomen 
is equipped with a pair of clasping organs used in mating. 

Unless the season is unusually late, by May 5 young clover heads 
have begun to appear in noticeable numbers and adults are common. 
The maximum abundance usually is reached between the 18th and 
the 25th of the month. From this time on there is a gradual decrease 
in numbers until about the latter part of the first week in June, by 
which time they have become relatively scarce. Scattered indi- 
viduals often are found, however, until the latter part of June. 

While the foregoing briefly outlines the periods when adult midges 
may be expected to be on the increase or decrease in a given clover 
field, it must not be supposed that this increase or decrease is at all 
uniform. The cool rains of several days’ duration which occur at 
frequent intervals during the month of May cause a temporary 
sharp decrease in numbers by checking the emergence of new adults, 
and a corresponding increase in numbers may always be looked for 
during the fair weather immediately following such rains. 

Upon emerging, the females, which are much more plentiful than 
the males, mate and proceed to the small green clover heads, and 
in these they lay their eggs. In selecting a place for egg-laying 
marked preference is shown for young clover heads which are just 
beginning to appear through the leaf sheath, but the midge if at all 
numerous frequently will select older heads providing they are still 
green. 

The egg is oval, about three times as long as broad, and barely 
visible to the naked eye. It is pale yellow at first, but an internal 
orange spot appears just before hatching. Eggs are found both 
singly and in clusters, usually stuck to the hairs of the calyx (fig. 4) _ 
or to the calyx itself, but not infrequently in clusters just inside the 
leaf sheath, or on young leaves surrounding the head. When found 
attached to calyx hairs the eggs occur either singly or in very small 
clusters. When found between the leaf sheath and the head the 





LIFE PUISTORY OF THE CLOLER FLOWER MIDAS 
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clusters are usually larger and contain from 10 to 20 eggs. In the 
laboratory a single midge has been observed to lay as many as 86 
eggs, but as the majority of females when they emerge from cocoons 
are found to contain over 100 eggs, it is probable that the latter num- 
ber is a better indication of what the average female actually lays 
under field conditions. It is not unusual to find considerably more 
than 100 eggs in and about a single head, or more eggs than there are 
florets. A midge generally spends only 1 few minutes on a head, 
placing a few eggs in one or two locations and then flying on to 
another. 

The eggs hatch in from three to five days, the length of the egg 
period varying with the temperature. A larva, or maggot, upon 
hatching from the egg is 
of a watery, pale yellowish 
color, with an internal 
bright orange spot plainly 
visible to the naked eye. 
The young legless maggot 
wriggles to the top of the 
floret and forces its way in- 
side through the unopened 
petals. Upon obtaining en- 
trance, it works its way 
down to the young ovary; 
here it feeds by sucking the 
juices from this part of the 
flower, thereby destroying 
the ovules and thus prevent- 
ing the formation of seed. 
Usually only one maggot is 
Fic. 4.—Eggs of the clover-flower midge fastened found aioe single floret, but 

to hairs of calyx in immature red-clover flowers. occasionally two or more 


en nanan. are found. A floret in- 
fested with a midge larva shows the injury very plainly, as the petals 
rarely expand. Infested heads therefore are distinguished easily, 
their imperfect blossoming giving them an irregular or mangy ap- 
pearance. (Fig. 2 and title-page illustration.) 

The time required for a midge larva of the spring generation to 
complete its growth is approximately four weeks. Few of them com- 
plete their development before the last of May, and mature larve are 
not found in the clover heads in noticeable numbers before the end 
of the first week in June. If the season is exceptionally late it may 
be impossible to find full-grown maggots before the second or third 
week of the month. The maggots not only grow rapidly but undergo 





a pronounced change in color while feeding in the florets. They . 
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hange gradually from a watery yellow to creamy white as they in- 
rease in size, and shortly before reaching maturity become a salmon 
ink, remaining this color until becoming full grown. Upon reach- 
ng maturity the maggots measure approximately one-tenth of an 
nch in length and entirely fill the florets, taking the place of the seed. 

The mature larve do not drop at once to the earth to pupate but 
wait sufficient rain thoroughly to moisten the clover heads and the 
urface of the ground. In Oregon and Washington it is not un- 
ommon for two or three weeks to elapse between the date of ma- 
urity of a considerable percentage of the midge brood and the 
currence of a sufficient amount of rainfall to bring them out of the 
eads. After dropping out of the clover heads in June the maggots 
ork their way a short distance into the ground, generally through 
mall cracks in the soil, and lose no time in spinning cocoons similar 
o those in which the parent generation passed the winter. Unless 
t becomes exceptionally dry immediately following the spinning of 
ocoons, the maggots of the summer generation do not remain dor- 
ant in the cocoons but pupate at once. The pupa period at this 
ason of the year is generally from two to three weeks, but a spell 
f dry weather will often lengthen it, and a prolonged drought such 
s occurred during the summers of 1914 and 1917 results in the death 
f many of the larve and pupe. 

The first adults of the summer generation may be expected to ap- 
ear in the fields any time between July 1 and 15. If there is a fair 
mount of rainfall during July they emerge in constantly increasing 
umbers until about July 22. After this date there is a rather rapid 
ecrease in numbers until about the middle of August, when very 
ew are to be found. On the other hand, if there is no rainfall during 
uly this generation will be relatively scarce, reach its height, and 
ompletely disappear by the middle of that month. The adults of 
his generation lay their eggs in the young heads of the seed crop, 

ivhere they hatch and undergo the same development as described for 

|he spring generation. 
The maggots of the summer generation also require asin 
our weeks to reach maturity. Most of them complete their growth 
early August, but if the summer is dry they frequently remain in 
he heads until the clover is hulled, or, if the crop is left standing, 
ntil the fall rains occur. If sufficient rain falls during the late sum- 
EF however, they drop to the ground, pupate, and emerge as adults 
uring late August, September, and, occasionally, well into October. 
- The adults of this third generation lay their eggs in the late heads in 
he fields from which they emerge, and probably also in the young 
veads of the spring-sown clover, which frequently appear at this 
eason of the year. The greater part of their progeny have ample 
ume to complete their growth before killing frosts occur. In any 
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case, sufficient progeny of either the second or third generation of 
midges survive the winter to emerge as adults and propagate during 
the following spring. 
CONTROL MEASURES 
PASTURING. 

The practice of pasturing red clover previous to starting a seed 
crop has proved to be as effective a means of midge control in Oregon 
and Washington as it was shown to be in Ontario, Canada, and in 
our eastern States. In favorable seasons clover often makes sufficient 
growth the first year to enable the farmer to begin pasturing in the 
early fall. Fall pasturing is valuable in that it keeps down the vol- 
unteer heads in which the midge would otherwise secure a foothold 
in the field the first season. In any event, the clover always makes 
sufficient growth to permit pasturing the following spring. Pastur- 
ing the field during April and May exterminates the midge, either 
directly by the destruction of the clover heads containing the eggs 
and partially grown larve, or indirectly by preventing the heads 
from forming during the time the adults of the spring generation 
are laying their eggs. The live stock may be removed from the field 
the latter part of May or left until early June, depending upon the 
season. In case the pasturing has not been close enough to get all 
of the heads, a mower should be run over the field shortly after the 
stock is removed in order to cut what remains. This practice not only 
results in the destruction of the immature midge larve which may 
happen to be present in these heads but also keeps down the weeds 
that otherwise might be present in the seed crop. 

EARLY CUTTING. 

As the majority of farmers raising red clover desire to secure both 
hay and seed crops, the practice of early cutting of the hay crop has 
to be resorted to in midge-infested districts. This method of midge 
control has for its object the destruction of the first brood of midge 
maggots by the cutting off and drying up of their food supply. 
Early cutting can be practiced successfully by the clover-seed growers 
of Oregon and Washington, but on account of the seasonal variations 
and general climatic conditions existing in the Pacific Northwest it 
is more difficult to lay down a general rule, stating approximately 
upon what date to cut each year, than it is in the Eastern States, 
where conditions are more nearly uniform. To practice early cut- 
ting effectively the farmer must not only keep himself informed as 
to the development of the clover itself (fig. 5) but also as to the 
development of the midge larve within the heads. The changing of 
tint of the larve in the majority of the infested heads in the field 
from a creamy white to a salmon pink indicates that they are rapidly 
approaching maturity and that cutting should not be delayed long 
if the majority of the larve are to be killed by this means. 
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Life-history studies made throughout four seasons of varying 
climatic conditions indicate that few of the maggots of the spring 
generation ever reach maturity before the end of the first week in 
June. Therefore it can be safely stated that if the clover is cut by 
June 1 the cutting will destroy the maggots of the spring generation 
regardless of the season and will assure an uninfested seed crop, 
except for stich slight infestation as comes from the few. scattered 
individuals that possibly may invade the field from the roadsides ¢ or 
that may be blown 
over by the wind 
from a neighboring. 
field. (See fig. 6.) 

Further investiga- 
tions and experi- 
ments, however, have 
shown that in most 
seasons the clover can 
be cut at a slightly 
later date than June 
1 with safety, thus 
enabling the farmer 
who is willing to as- 
sume the risk of un- 
favorable weather to 
obtain a greater 
amount of forage Ee Aes 
from his field than Fic. 5.—Young clover head showing stage when clover- 
would be possible flower midge lays its eggs. 
otherwise. The reason that this later cutting is usually effective lies 
entirely in the fact that midge larve, after they complete their de- 
velopment, do not leave the clover heads and drop to the ground to 
pupate until there has been sufficient rainfall to moisten the florets 
thoroughly. . If, therefore, the hay crop is cut and removed from the 
field any time between the first week in June and the date of the first 
rainfall thereafter which exceeds approximately one-tenth inch, the 
result will be fully as effective as it would have been had the crop been 
cut while the maggots were still immature. As the date of this rain- 
fall is uncertain, however, varying between the 7th and the 21st of the 
month, it is unwise to postpone cutting of the hay crop any later 
than necessary after June 1. 

A good rule to follow is to cut the hay crop during the first 
week in June providing ‘the weather is favorable. If it is rainy 
during that week, wait and cut the crop as soon as the sky clears 
and the weather becomes settled. 
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CLIPPING. tee 


Some farmers, who desire neither to pasture nor to secure a hay” 
crop, follow the practice of cutting their clover back between the ™ 
10th and the 25th of May, leaving the clippings on the ground as a” 
mulch. In fields clipped May 15 or earliar, however, the seed crop” 
is apt to be somewhat infested with the midge, owing to the fact” 
that the clover makes sufficient growth to produce young heads in~ 
early June before the adult midges of the spring generation have ™ 
entirely disappeared. The safest rule to follow is to clip not earlier” 
than May 20. Clover cut about this date will-not produce young” 
heads until after the adults of the spring generation are gone, and} 


Fic, 6.—Field of clover from which the hay crop was cut June 1, the perfect blossoms 
showing the absence of the clover-flower midge. 
these heads will be far enough advanced by the 1st of July to be} 
immune from attack by any of the adults of the summer generation; 
which begin to appear in the fields soon after that time. 3 
SOILING. 


A few farmers who combine clover-seed production with dairying’ 
find it desirable to cut their clover and feed it green during the spring 
and early summer. This practice, known as soiling, affords an ef- 
fective means of controlling the midge, providing the same precau- 
tion is taken as in clipping; i. e., that the clover be held back suf- 
ficiently to prevent young heads of the seed crop from developing 
before the middle of June. In cases where the clover has been cut 
in late April or early May it may be necessary to cut it a second 
time about June 1 in order to accomplish the above result. 


O 





a hay 
n the 
lasa 
crop 
fact 
ids in 
have | 
urlier 


oping? 





